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ABSTRACT 
The fine structure of the oxyntic cell from the gastric glands of the bullfrog was studied in 
lead hydroxide-stained sections of gastric mucosa fixed in buffered osmium tetroxide  and 
embedded in n-butyl methacrylate. The oxyntic cell in non-acid-secreting stomachs (gastric 
juice pH, 7.4-7.8) is characterized by: (a) numerous closely packed smooth surfaced vesicu- 
lar and tubular profiles disposed randomly in the cell; some of these elements show inter- 
connections making it possible to identify this component with smooth surfaced endoplasmic 
reticula of certain other cell types,  (b)  a  small percentage of rough  surfaced profiles char- 
acteristic of endoplasmic reticula possessing RNP particles on the outer  membrane surfaces, 
(c) a  Golgi complex consisting of multiple isolated non-polarized arrays of smooth  surfaced 
parallel elongated  profiles and  associated  vesicular  elements,  (d)  a  sparse  granular com- 
ponent (140 A) scattered freely in the cytoplasmic matrix, (e)  numerous mitochondria with 
a  dense matrix and containing an unusually large number of closely approximated cristae, 
(f) a number of zymogen granules consisting of either a dense body limited by a  membrane 
or surrounded by a  halo of less  dense material which  is in turn limited by a  membrane, 
and  (g)  a  number  of  granules  (~260 A)  containing several  smaller  granules  (~80 A) 
identified presumably as glycogen.  Intracellular canaliculi were not observed.  Instead the 
free surface of the oxyntic cell facing the lumen of the gastric gland shows a  complicated 
plication  of the  plasma  membrane.  Intercellular canaliculi are  seen  frequently between 
adjacent oxyntic cells. The walls of these canaliculi are made up of folded and ruffled cell 
membranes. The basal surface of the cell also exhibited this type of configuration. Occasional 
smooth surfaced profiles are seen communicating with the free surface, the wall of an inter- 
cellular canaliculus, or the basal surface of the cell. Although nerve endings were not found 
in association with oxyntic cells, unmyelinated nerves were observed in the vicinity of the 
gastric glands. 
INTRODUCTION 
A  study of the fine structure of the oxyntic cell in 
the  amphibian gastric  glands was  undertaken  to 
provide data that could be used for a better under- 
standing  of  the  mechanisms  involved  in  acid 
secretion (29).  The gastric mucosa  of the bullfrog 
provides  an  especially  good  source  for  observa- 
tions on  non-acid-secreting cells  because  animals 
collected in late autumn and winter do not secrete 
spontaneously an acid gastric juice. Such animals, 
however,  can  be  stimulated  to  secrete  an  acid gastric juice by administration of histamine; these 
observations  are  reported  in  the  second  paper  of 
this series. 
It  is  well  established  that  there  is  mainly  one 
cell type located in  the body and  deeper portions 
of  the  gastric  glands  in  the  stomach  mucosa 
(corpus)  of the  frog.  This  cell  type  is  designated 
as the oxyntic cell by the biochemist (8) in keeping 
Explanation  of Figures 
All  the  electron micrographs included  in  the  plates  were  obtained from gastric  mu- 
cosae  (corpus  stomach)  of  bullfrogs  under  basal  or  non-acid-secreting  conditions. 
In all cases, sections were stained for periods of from 20 to  30 minutes with lead hy- 
droxide  (35)  and sandwiched with a  formvar film (34). 
FIGURES 1 and 
Photomicrographs  of  5  #  paraffin  sections  of  portions  of  gastric  mucosa  (corpus), 
fixed in  Helly's  fluid,  and  stained  by  the  method  of Marks  (18)  for  differentiating 
gastric epithelial cell types. 
FIGURE  1 
A  normal section of the gastric mucosa from the corpus of the stomach. The free sur- 
face of the mucosa is covered and  the gastric pits lined with a  mucigenous-bordered 
epithelium.  The  apical regions of these cells stain  intensely with the  PA-Schiff com- 
ponent  of the  staining  technique  appearing  dark  in  the  photomicrographs.  Gastric 
glands  extending deep into  the lamina  propria  open  into  the gastric  pits.  These  are 
simple or branched  tubular  glands.  Near  the openings of the glands into  thc gastric 
pits are more lightly staining cells with dark-staining nuclei pushed to the periphery. 
Such cells, located in the neck region of the gastric glands are called the neck mucous 
cells  and  give  a  less intense reaction  to  the  PA-Schiff technique for  1,2-glycol  link- 
ages. A  portion of the muscularis mucosae is seen at the bottom of the figure sending 
slips  of smooth  muscle  into  the  lamina  propria  between  adjacent  gastric  glands.  It 
can  be observed that  with the exception of the neck  mucous cells,  a  single cell type 
comprises the gastric glands. This is the oxyntic cell  (acidophilic cell,  granular  cell). 
Its  cytoplasm  stains  a  golden  color  with  the  aurantia  component  of the  stain;  the 
nuclei  tend  to  exhibit spherical  profiles  in  contrast  to  the  nuclei  of either  the  neck 
mucous  cells or surface mucigenous  bordered cells,  X  150. 
FIGURE O 
A transverse section through the gastric glands in the mid-region of the lamina propria 
of the gastric  mucosa  (corpus).  It can  be seen that  all  the cells composing the walls 
of the glands have a  similar morphology. These oxyntic cells exhibit a  granular  cyto- 
plasm at this magnification accounting for the choice of some authors  (1)  to so desig- 
nate them. The main body and deeper portions of the gastric glands are made up en- 
tirely of these oxyntic cells, there being no  differentiation of chief (peptic)  cells as in 
mammalian forms.  X  700. 
FIGURE 3 
An  electron micrograph  of an  oblique section through  a  gastric  gland showing por- 
tions  of  adjacent  oxyntic  cells  surrounding  the  lumen  (L).  Intercellular  canaliculi 
(arrows) are observed between adjacent ceils. In one case, in the upper left-hand corner 
of the figure,  the lumcn of the intercellular eanalieulus is not patent.  Instead the ad- 
jacent cell membranes of the oxyntic cells demonstrate a  complicated plication.  The 
cytoplasmic matrices of these cells contain a  closely packed system of smooth surfaced 
vesicles and tubules; some of these establish connections with either the lumen of the 
gland  or  the lumina  of the intercellular  canaficuli.  A  number  of mitochondria  (M) 
as well  as zymogen granules  (Z)  are  also observed in  the cytoplasms.  X  7,000. 
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who  originally  suggested  term),  although  some- 
times  histologists  are  apt  to  refer  to  it  as  the 
granular  (1)  or acidophilic (19)  cell.  The oxyntic 
cell,  however, has a  dual function and is capable 
of producing  the  precursor  compound  of pepsin 
in  addition to hydrochloric acid  (15,  9).  Accord- 
ingly, the amphibian oxyntic cell can be regarded 
as the homologue of both the oxyntic cell (parietal 
cell)  and  chief  cell  (peptic  cell)  of  the  mam- 
malian gastric glands proper. 
MATERIALS  AND  METHODS 
The  materials used  in  the observations reported in 
this  paper  were  collected  locally  during  the  late 
winter months and consisted of both male and female 
bullfrogs  (Rana catesbiana) ranging  in  weight  from 
120  to 225  grams. Animals were  maintained in  the 
laboratory at approximately  10%~. 
Stomachs  of  frogs  under  ether  anesthesia  were 
exposed and opened by an incision along the greater 
curvature.  The  pH  of the  gastric  contents was  de- 
termined  with  hydrion  papers.  Only  frogs  with 
neutral  or  slightly  alkaline  gastric  mucosae  were 
used. 
For  histological  preparations,  strips  of  stomach 
from  the  esophageal  to  the  pyloric  sphincter were 
fixed in Hclly's fluid, embedded in paraffin, sectioned 
at  5  microns and  stained by  the method of Marks 
(18)  for  differentiation of cell  types  in  the  gastric 
mucosa  or  Altmann's staining  technique  for  mito- 
chondria. 
For  electron  microscopy  specimens  from  the 
corpus of the stomach were fixed in cold (0°C.)  1 per 
cent osmium tetroxide buffered at pH 7.6 with 0.06 M 
KH2PO4-K2HPO4 buffer for 30  minutes. The tissue 
was  then  dehydrated in  ethanol and  embedded in 
n-butyl methacrylate. Sections, 600 A  to 900 A  thick 
(24)  were  cut  from plastic  blocks with  the  Porter° 
Blum  microtome  (25)  and  mounted  on  carbon- 
coated  150-mesh copper grids  (33).  These prepara- 
tions were stained  20  to  30  minutes with Watson's 
lead hydroxide solution (35)  and sandwiched with a 
formvar film (34). 
Specimens were examined with an RCA EMU 3D 
electron microscope containing a  1 mil platinum ob- 
jective aperture. Micrographs were taken at original 
magnifications of 2700  to  27,400  diameters and  en- 
larged or reduced photographically as  required. 
OBSERVATIONS 
Light  Microscopy 
A normal section of gastric mucosa, stained with a 
procedure  for  differentiating  cell  types  in  the 
gastric glands (18)  is shown in Fig.  1. The surface 
mucigenous-bordered cells seen lining  the  lumen 
of the  stomach  as  well  as  the  gastric  pits  stain 
intensely  with  the  periodic  acid  (PA)-Schiff 
technique  indicating  the  presence  of  1,2-glycol 
linkages  (17).  The neck chief cells  (mucous neck 
cells) with flattened nuclei react positively to the 
PA-Schiff  staining,  but,  in  general,  show  less 
activity  than  the  surface  mucigenous-bordered 
cells.  The  cells  comprising the  body  and  deeper 
portions of the simple or branched tubular gastric 
glands  are  identified  as  oxyntic  cells.  The  cyto- 
plasm  of  these  cells  is  granular  in  appearance 
FIGURE 4 
Micrograph of an oblique section of a  gastric gland showing portions of four adjacent 
oxyntic cells facing the lumen (L)  of the gland. Mitochondria (M) are located basally 
in the cells.  The closely packed profiles of smooth surfaced vesicles  (V)  and tubules 
(T)  are evident in the cytoplasms. A number of tubular elements have been sectioned 
tangentially and as a result show no lumina. Some of the smooth surfaced elements are 
seen to communicate with the lumen  (L)  of the gastric gland at points in the folded 
plasma membranes of the free surfaces of the adjacent oxyntic cells. Zymogen granules 
(Z) are also to be seen as well as a part of a nucleus (N) in the upper right-hand corner 
of the  figure.  Extremely dense granules  are  evident in  the  micrograph that  are  as- 
sumed to be composites of glycogen (G).  Each one of these granules at higher mag- 
nification is  observed to  consist of a  group  of smaller granules  80  A  (see  Fig.  12). 
Palade granules are also identified in the cytoplasms (see also Fig.  12). The fact that 
this component represents a small fraction of the cytoplasm accounts probably for the 
acidophilic staining reaction of the cytoplasm in light microscope preparations. Colla- 
gen fibrils (CF) sectioned on end are seen adjacent to the basal regions of the cells.  X 
22,000. 
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a  golden color with the aurantia counterstain used 
in  the  technique.  The  oxyntic  cells  demonstrate 
a  negative  reaction  to  the  PA-Schiff treatment. 
In  contradistinction  to  higher  vertebrate  species 
(mammals),  the cells constituting  the walls of the 
body  and  deeper  portions  of  the  gastric  glands 
show no  specialization  of cell types,  (i.e. two  dis- 
tinct  cell types:  the  chief cell for  the  production 
of pepsinogen  granules  and  a  parietal cell for  the 
production  of  hydrochloric  acid),  but  consist  of 
only one cell type--the oxyntic cell (Fig.  2).  This 
cell in the amphibian gastric gland corresponds to 
both  parietal  and  chief cells in  mammals  since it 
is  well  known  that  the  amphibian  stomach  has 
the  capacity  to  produce  both  hydrochloric  acid 
and  pepsin  (15,  9).  However,  the  zymogen-con- 
taining cells of the esophageal glands produce  the 
greatest volume of pepsin in the frog.  It is reason- 
able  to  assume  that  the  cytoplasmic  granularity 
of  the  oxyntic  cell  as  seen  in  light  microscope 
preparations  (Fig.  2) is due to both the numerous 
mitochondria  observed with  an  Altmann  staining 
technique  and  also  the  zymogen  granules  (vide 
infra)  seen  in  the  cytoplasm  in  electron  micro- 
graphs.  A small portion of the muscularis mucosae 
is  seen  at  the  bottom  of Fig.  1.  Extending  from 
the muscularis mucosae, strands  of smooth muscle 
separam  groups  of gastric  glands. 
Electron  Microscopy 
Determination  of  the  pH  of  the  contents  of  the 
stomach  revealed  that  the  animals  in  this  group 
collected in the late winter or early spring months 
were not actively producing  acid.  The  pH of the 
gastric juice ranged  between  7.4  and  7.8,  as  de- 
termined by hydrion paper. 
Vesicular Component:  An  electron  micrograph  of 
an  oblique  section  through  the  gastric  tubular 
gland  (Figs.  3  and  4)  reveals  the  typical  cyto- 
plasmic  fine  structure  of  portions  of  adjacent 
oxyntic cells facing the lumen  of a  gastric  gland. 
It  is  apparent  that  the  cytoplasm  of  such  cells 
contains  numerous  vesicular  elements  disposed 
randomly.  These  elements  for  the  most  part 
assume  the form of vesicles and  tubules  although 
flattened  sacs  and  vacuoles  are  sometimes  en- 
countered.  Both surfaces of the membranes  of the 
vesicular  component  are  smooth  surfaced.  They 
exhibit some variability  in  size,  ranging  from  20 
m# to  200  m# in diameter.  These  findings  are in 
agreement with those reported  for the cells lining 
the  gastric  glands  of  Bufo  spinulosus  (32).  In  a 
cursory examination of micrographs,  the vesicular 
elements  appear  isolated  and  dispersed  and,  as 
such,  could  be  interpreted  as  individual  units. 
However,  closer  inspection  reveals  that  some  of 
the  smooth  surfaced  components  are  indeed  in- 
terconnected  (Fig.  6).  This particular  micrograph 
(Fig.  6)  shows  that  a  number  of  the  smooth 
surfaced  elements  are  interconnected  (arrows) 
whereas  others  are disposed  as  strings  of vesicles. 
It is of course unjustified to assume  that  all of the 
smooth  surfaced  elements  dispersed  through  the 
cytoplasm of the  cell were  interconnected  in vivo. 
The fact that some communications exist between 
smooth  surfaced  profiles  makes  it  possible  to 
identify  the  vesicular  component  of  the  oxyntic 
FIGURE  5 
In  addition  to the system  of smooth surfaced  vesicles  (V)  and  tubules  (T)  found  in 
the cytoplasm of the oxyntic cell, there is  also a  small percentage of rough  surfaced 
profiles (RS). The outer surface of these elements is studded with granules presumably 
nucleoprotein in  nature  resembling the  Palade  granules scattered  freely in the cyto- 
plasmic  matrix.  Presumptive  glycogen granules  (G)  are  also  observed in  the  micro- 
graph.  X  fi4,000. 
FIGURE  6 
This micrograph shows that in individual sections of the cytoplasm of an oxyntic cell, 
it is  possible  to  observe continuity  among some of the smooth surface vesicular and 
tubular  elements.  Hera  (arrows)  vesicular  and  tubular  profiles  demonstrate  inter- 
connections for short  distances.  Scrim sections also  show these connections.  However, 
there remains some doubt  whether  all of the individual profiles visible in the micro- 
graphs were interconnected in vivo forming a three dimensional network. A profile of a 
zymogen granule  (Z)  is also seen in the micrograph.  X  64,000, 
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lum  already  reported  for  parietal  cells  of  mam- 
malian gastric glands  (26,  27, 28, 30,  16,  31),  and 
spermatocytes,  leukocytes,  mast  cells,  in  adipose 
cells, and in cells of brown fat (21). 
Rough  Surfaced Reticulum:  In  addition  to  the 
smooth  surfaced  vesicular  component  described 
above,  the oxyntic cell possesses  a  rough  surfaced 
reticulum  (Figs.  5,  7,  8,  10,  12).  This  system, 
although not prominent in extent as compared  to 
the  smooth  surfaced  elements,  is  a  consistent 
feature of the cytoplasm and  is usually located in 
the basal region of the cell. The outer surfaces of 
the elongated tubular  elements and  flattened sacs 
(cisternae)  that  comprise  this  reticulum  are 
studded  with granules  (140 A) identified with the 
ribonucleoprotein  component  (23)  of  the  cyto- 
plasm.  Accordingly, the rough surfaced reticulum 
in  the  oxyntic  cell  is  identified  with  the  endo- 
plasmic  reticulum  and  associated  granular  com- 
ponent  originally  described  in  a  number  of cell 
types (22). 
Golgi Apparatus:  Occasionally,  in  sectioned  ma- 
terial,  groupings  of membrane-bound  cavities are 
distinguishable  due  to  their  characteristic  ar- 
rangement. This configuration consists of a parallel 
array of several elongated profiles with associated 
vesicular elements  (Fig.  8).  In all cases examined 
the  profiles  comprising  the  grouping  are  smooth 
surfaced.  The  system  described  represents  the 
Golgi apparatus  of the oxyntic cell and  is similar 
in morphology to the apparatus  in other cell types 
(6,  7).  However, in this case,  the Golgi apparatus 
is  apparently  not  localized in  a  particular  region 
of the  cell, i.e. on  the  apical  side  of the  nucleus, 
close to the nuclear envelope, but  is found in  the 
cytoplasm  in  random  positions.  The  Golgi  com- 
plex is observed  in  a  given section  of an  oxyntic 
cell  in  more  than  one  locus  (Fig.  8)  indicating 
that  the  organelle  may  consist  of  multiple  units 
in this cell type. 
Differentiations  of  the  Cell  Surface."  Intracellular 
canaliculi,  although  typically  observed  in  main- 
malian oxyntic cells (26,  27,  28,  30,  31), have not 
been observed in the cells comprising the body of 
the  gastric  glands  of the bullfrog  (Figs.  3  and  4). 
Instead of typical canaliculi, the free surface of the 
cell facing the lumen of the gastric gland is found 
to be of very irregular contour as a  result of com- 
plicated  infoldings  and  outpocketings  of the  cell 
membrane  (Figs.  3  and  4).  Occasionally,  shallow 
indentations  of the  free  surface  of the  cell  pene- 
trate  a  short  distance  into  the  cytoplasm.  How- 
ever, the fact that  transverse sections of canaliculi 
are  never encountered  well within  the  cytoplasm 
of the oxyntic cell in electron micrographs,  makes 
it possible  to  refute  their  existence  although  they 
have  been  reported  in  light  microscope  observa- 
tions  (3).  Intercellular  canaliculi,  however,  are 
frequently  observed  between  adjacent  oxyntic 
FIGURE  7 
A  small field of the basal  portion  of the cytoplasm of an  oxyntic cell is seen  in this 
micrograph. It can be observed readily that membrane-bounded spaces within the cyto- 
plasm  are  in  continuity  with  the  extracellular  medium.  This  connection  is  accom- 
plished by infoldings of the plasma  membrane  (PM) that  communicate with smooth 
surfaced  vesicles  (V)  in the basal  cytoplasmic matrix.  Thus  the cell has  a  means  to 
incorporate substances  from the extracellular space into its cytoplasm.  Mitochondria 
(M)  and  rough  surfaced  profiles  (RS)  are  also  visible in  the  micrograph.  Collagen 
fibrils  as  well  as  contaminating  particles,  possibly  lead  carbonate,  are  seen  extra- 
cellularly.  X  42, 000. 
FIGURE  8 
Electron micrograph of a portion of the cytoplasm of an oxyntic cell showing the Golgi 
apparatus  (GO). In this cell type the Golgi apparatus occupies an unpolarized position 
and is found in multiple units in the cytoplasm. Here two such units are depicted, and 
are seen to consist of groupings of parallel arrays of smooth surfaced membranes  and 
associated smooth surfaced vesicles and tubules.  Mitochondria (M), zymogen granules 
(Z),  rough surfaced profiles,  and smooth surfaced profiles of vesicles and  tubules  are 
also seen in the micrograph,  Some contamination,  possibly lead carbonate,  is obvious 
on certain  mitochondrial profiles and  in the cytoplasmic matrix.  X  22,000. 
8  THE JOURNAL OF BIOPHYSICAL  AND BIOCHEMICAL  CYTOLOGY  •  VOLUM~  9,  1961 cells of the  gastric glands.  Here,  too,  the walls of 
the  canaliculi  are  composed  of  cell  membranes 
that  are  typically folded  and  ruffled  (Figs.  3  and 
4); the basal surface of the cell also exhibited fre- 
quently this sort of configuration. 
It  is  possible  to  observe  in  the  micrographs 
(Figs.  3 and 4)  that some of the cytoplasmic vesic- 
ular or tubular elements communicate with either 
the  free surface  of the  cell facing  the  lumen  of a 
gastric  gland  or  an  intercellular  canaliculus. 
In  addition,  some  of  these  cytoplasmic  vesicular 
elements communicate with the the basal surface 
of  the  oxyntic  cell  (Fig.  7). 
Zymogen Granules:  It  is  not  unreasonable  to  as- 
sume  that  these  elements  obvious  in  electron 
micrographs  (Figs.  3,  4,  6,  8  and  10),  account 
in  part for the granularity of the cells comprising 
the body and deeper regions of the gastric glands 
in the bullh'og (Fig.  2). Even with special fixatives 
that  preserve  mitochondria  it  would  be  difficult 
to  distinguish these secretion  granules from mito- 
chondria  in  light  microscope  preparations.  In 
thin  sections  the  zymogen  granules  appear  as 
elliptical  profiles.  Although  there  may  be  several 
discrete  states  which  these  dense  aggregates  may 
assume in the cytoplasm of the oxyntic cell,  three 
forms  of  zymogen  granules  are  distinguished: 
(a)  a  dense  body limited  by  a  more  dense  mem- 
brane,  (b)  a  dense  body  surrounded  by  a  halo 
of  less  dense  material,  itself  limited  by  a  more 
dense  membrane,  and  (c)  a  less  dense  body  con- 
taining  clumps  of  more  dense  material. 
Since  there  exists  in  the  literature  statements 
to  the  effect  that  specific  zymogen  granules  are 
lacking in the amphibian oxyntic cell  (19),  it was 
decided  to  examine,  for the purposes of compari- 
son, the peptic cell of the esophageal glands in the 
bullfrog.  It is not unreasonable to expect that the 
zymogen  granules  observed  in  the  oxyntic  cells 
would  be  similar  in  morphology  to  the  zymogen 
granules found in the peptic cells of the esophagus 
since  secretion  of  pepsin  has  been  reported  for 
both organs.  Examination of the cytoplasm of the 
esophageal  peptic  cell  (Fig.  9)  revealed  that  the 
zymogen granules of both cell types are similar in 
structure.  However,  the  zymogen  granules  of the 
FIGURE 9 
A portion of cytoplasm from a  peptic cell in the glandular epithelium of the bullfrog's 
esophagus  is  shown in  this  electron  micrograph.  The  zymogen  granules,  precursors 
of the  pepsin secreted  by  the  esophagus  in  this species,  are  scattered  among rough 
surfaced  elements of the endoplasmic  reticulum  (21).  In  this cell type  the  zymogen 
granules  are  more  numerous  and regularly  develop to  a  larger size  than those  con- 
tained within the  cytoplasm of the oxyntic  cell  of the  gastric  glands.  The  zymogen 
granules exhibit certain variations in structure and consist of the following types:  (a) 
a  dense elliptical profile  limited  by  a  membrane  (Z1),  (b)  a  larger  dense  elliptical 
profile surrounded by a halo of less dense  material which  is in turn  limited by a mem- 
brane  (Z2),  and  (c)  a  large  granule  containing  clumps  of  dense  material  dispersed 
within a less dense matrix (Z3). A mitochondrial profile (M)  is also shown.  X  28,00(}. 
FIGURE 10 
An electron micrograph of part of an oxyntic cell showing a number of zymogen gran- 
ules.  These bodies resemble structurally but,  in  general,  are  of smaller size than the 
zymogen  granules  found  in  the  peptic  cells  of the  esophagus  (compare  with  Fig.  9 
above).  The group of zymogen granules  (Z2) shown in the micrograph resemble the 
type  (b)  described above consisting of a  dense elliptical profile surrounded by a  halo 
of less dense matcrial which is in turn limited by a membrane, Other stages in develop- 
ment of zymogen granulcs  are  also encountered in  micrographs of oxyntic cells  (see 
Figs.  3,  4,  6,  and 8).  The  profile  (Z4)  is  another  variant sometimes observed in  the 
pcriphera| cytoplasm  of the  oxyntic  cell.  An  alternative interpretation could  be  an 
extracted lipid inclusion. Its shape is irregular being limited by a  membrane and con- 
taining a  substance of medium density. Mitochondria (M), part of a  nucleus (N)  and 
rough and smooth surfaced profiles are evident in the micrograph; the cell membrane 
(CM) and basement membrane (BM) are also indicated.  >( 27,000. 
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are  of  larger  size  than  those  of  the  oxyntic  cell 
(compare Figs.  9  and  10). 
Mitochondria:  The  mitochondria  are  particu- 
larly  striking  in  electron  micrographs  of  oxyntic 
cells  from  the  gastric  glands  of  the  bullfrog. 
Characteristically,  as  reported  for  mammalian 
oxyntic  cells  (26,  27,  30,  31),  the  cells  contain 
large numbers of mitochondria with an unusually 
dense  mitochondrial  matrix  material  (Figs.  3, 
4,  7,  8,  10,  and  12).  In oblique sections of gastric 
glands  oval  and  elongated  mitochondrial  profiles 
appear  more  concentrated in  the  basal regions of 
the oxyntic cells  (Fig.  4).  The  mitochondria pos- 
sess a  fine structure similar in  general features to 
that  already  described  for  a  number  of  animal 
cells  (20).  They  have  a  distinct  outer  membrane 
(OMM)  ~  70 A  thick (Figs.  11  and  12).  Crystae 
mitochondriales  (CR)  project  into  the  mito- 
chondrial  matrix  from  an  inner  membrane 
(IMM).  Characteristically these cristae are found 
in  unusually  large  numbers  within  individual 
mitochondria of the  oxyntic  cell  and  in  some  in- 
stances  (Fig.  11)  are  observed  to  branch.  Intra- 
mitochondrial  granules  are  also  observed  within 
the  mitochondrial  matrix. 
Particulate Component:  The dense granules ~140 A 
in  diameter  are  not  especially  numerous  in  the 
granular  cell  of the  gastric  glands.  For  the  most 
part  the  distribution  of  these  Palade  granules, 
here  presumed  to  contain  ribonucleoprotein  on 
the  basis  of  recent  researches  (23),  is  a  random 
one with no preferential association with the mem- 
branes  of  the  smooth  surfaced  vesicles  (Fig.  12). 
However,  as  already  mentioned  above,  these 
granules  are  associated  with  the small number of 
rough surfaced elements of the endoplasmic retic- 
uium found in the cell  (Figs.  5  and 7).  Generally, 
it can be stated that the oxyntic cell has a  sparse 
distibution  of  ribonucleoprotein  granules  some 
of which  are  free  in  the  cytoplasm  while  others 
are  associated  with  the  endoplasmie  reticulum in 
the  basal portion of the cell.  The  sparse  distribu- 
tion  of  the  ribonucleoprotein  granules  correlates 
well  with  the  acidophilic  staining  reaction  ob- 
served  in  light  microscope  preparations.  Re- 
cently,  the  term "acidophilic cell"  has been used 
to  designate  the  oxyntic  cell  in  the  amphibian 
gastric glands (19). 
Presumptive Glycogen Granules:  Granules  measur- 
ing  ~260  A  are found in  the cytoplasmic matrix 
substance  (Fig.  4).  They  exhibit  more  electron 
scattering  than  the  ribonucleoprotein  particles. 
In thin sections it can be seen that these granules 
are  composed  of  still  smaller  granules  (~80  A) 
(Fig.  12).  Sirnilar  structures  have  been  reported 
in the cytoplasmic matrices of mammalian oxyntic 
cells  (30).  These  composite  granules  are  tenta- 
tively  identified  as  glycogen  deposits  since  gran- 
ular  glycogen  deposits  are  stained  with  lead  in 
FIGURE  11 
Micrograph of a  portion of a  mitochondrion from the cytoplasm of an oxyntic cell.  A 
branching crista (CR) is observed originating from the inner mitochondrial membrane 
(Ii~/M) ; the upper branch is seen to rebranch (arrow). The inner mitochondrial mem- 
brane (IMM) and dense membranes of the cristae (CR) measure  ~70 A.  X  230,000. 
FIGURE  10~ 
The  sections  of mitochondria  from  the  cytoplasm  of  an  oxyntic  cell  depicted  herc 
demonstrate  the  unusually  high  proportion  of  closely  approximated  cristae  mito- 
chondriales (CR) that each mitochondrion characteristically possesses.  Such an arrange- 
ment can be correlatcd with the high oxidative activity of these cells.  The cristae are 
embedded in a  mitochondrial matrix of unusually high density.  Both an outcr mito- 
chondrial  membrane  (OMM)  and  an  inner  mitochondrial  membranc  (IMM)  are 
observed  in  the  profiles.  The  cristae  mitochondriales or  lamellae  protrude  into  the 
mitochondrial  matrix  from  the  inner  mitochondrial  membrane  (IMM).  Intramito- 
chondrial granules consisting of smaller particles of some density are also observed. In 
one mitochondrial profile sectioned transversely the cristae or lamellae (CR1; CR2) are 
seen to  advantage in side view.  Additional items observed in the micrograph include 
ribonucleoprotein particles  (RNP),  presumptive glycogen granules  (G) that consist of 
groupings of a number of granules ~80 A in diameter and smooth and rough surfaced 
profiles.  X  82,000. 
12  THE  JOVRNAL OF BIOPHYSICAL AND BIOCHEMICAL CYTOLOGY  •  VOLUME 9,  1961 A.  W.  SICDAa  Non-Acid-Secreting Oxyntic Cell  13 other  cell  types  (35).  The  fact  that  PA-Schiff- 
light  microscope  preparations  show  no  evidence 
for  glycogen  in  the  oxyntic  cell  makes  such  a 
correlation highly speculative. 
Unmyelinated Nerve Fibers:  In  the lamina  propria 
adjacent  to  the  gastric  glands,  bundles  of  un- 
myelinated  nerve  fibers  are  observed  frequently 
(Fig.  13).  Associated  with  a  Schwann  cell  these 
nerve  fibers  may  be  situated  near  the  basal 
region of the  oxyntic cells comprising  the  gastric 
glands  or  near  blood  vessels.  The  present  study 
has  been  unable  to  reveal  any  endings  of  these 
unmyelinated  fibers  associated  with oxyntic cells. 
This  does  not  exclude  the  possibility  that  such 
endings  exist  for  experiments  have  shown  that 
stimulation  of  sympathetic  fibers  by  adrenalin 
in the frog evoke the secretion of gastric acid  (9), 
whereas  in  mammals  the  parasympathetic  nerv- 
ous  system  is  involved  (2). 
DISCUSSION 
The  observations  reported  in  this  paper  establish 
the  pattern  of  fine  structure  in  the  oxyntic  cell 
of the gastric glands  (corpus stomach)  of the non- 
acid-secreting  bullfrog's stomach,  It  is  important 
that  such  information  be  obtained  under  con- 
ditions  where  the  morphological  aspects  of  the 
cell in  question  can  be  correlated  with  the  func- 
tional status of the gastric epithelium. In this way, 
a  firm basis is established  for a  comparison  of the 
structure  of  the  cell  under  conditions  where  the 
physiological  state  of  the  gastric  mucosa  has 
been altered experimentally. 
The  amphibian  gastric  mucosa  represents  a 
fortunate  choice of material  for such  a  study  be- 
cause it is well known that in the winter and early 
spring  months  animals  do  not  secrete  spontane- 
ously  an  acid  gastric  juice.  For  this  reason  the 
frog gastric  mucosa has  been one of the materials 
of  choice  for  physiologists  and  biochemists  in- 
vestigating  the  problem  of  mechanisms  involved 
in  hydrochloric  acid  production  (5,  8,  14). 
Electron  microscope  studies  on  the  parietal  or 
oxyntic cell in the rat or mouse glandular stomach 
although  informative  do  not  establish  a  valid 
point of departure for further experimental studies 
where  the  physiological  state  is  altered.  This  is 
based  on observations that  the rat  (10)  and  prob- 
ably  also  the  mouse  are  continuously  producing 
small  amounts  of  gastric  acid.  We  have  also 
observed  that  although  food  is  withheld  from  a 
rat  or  rnouse  for  periods  of from  24  to  72  hours 
analysis of the gastric contents invariably shows a 
pH  less  than  neutrality,  and  in  the  majority  of 
instances less than  3. 
A system of smooth surfaced vesicles and tubules 
represents,  in  the  cytoplasm  of  the  oxyntic  cell, 
the  dominant  component  although  a  small  per- 
centage  of rough  surfaced  reticular  elements  are 
found.  The  mammalian  parietal  cell  also  pos- 
sesses  a  similar  system  of  vesicles,  tubules,  and 
cisternae  and  some  rough  surfaced  elements 
(26,  27,  12,  16,  32, 31).  The  bulk  of  the  smooth 
surfaced  component  within  individual  oxyntic 
cells of the bullfrog is great in comparison  to cell 
types  (seminal  epithelia  and  leukocytes)  pos- 
sessing  a  similar  system  (21).  In  most  instances, 
these  smooth  surfaced  elements  are  packed  very 
closely  together,  and  are  randomly  distributed 
within  the  cytoplasmic  matrix.  In  single  micro- 
graphs  as well as in micrographs of serial sections, 
it  is  possible  to  find  continuities  between  the  in- 
dividual  smooth  surfaced  elements.  Therefore, 
it is  reasonable  to  conclude  that  the  system  con- 
sists  in  part  of  a  three  dimensional  network  of 
vesicles  and  tubules.  Whether  all  of  the  smooth 
surfaced  profiles  visible  in  the  micrographs  of 
FIGURE  13 
A  Schwann  cell  and  associated  unmyelinated  nerve  fibers  (F)  enclosed  within  its 
cytoplasm from the lamina propria of the gastric mucosa are shown in the lower por- 
tion of the micrograph.  In the upper  portion of the figure the nerve fibers and  asso- 
ciated  Schwann sheath  were sectioned more tangentially.  The  Schwann  cell nucleus 
occupies a  large volume of the cell. Other components of the Schwann cell cytoplasm 
depicted  include  mitochondria  (M),  rough  and  smooth surfaced  profiles,  and  some 
free  ribonucleoprotein  granules.  Some  pinoeytotic  vesicles  are  evident  at  the  free 
surface of the cell. Portions of neighboring Schwann ceils are seen at S. Collagen fibrils 
(CF) sectioned in various planes are observed in the vicinity of the Schwann cells and 
nerve  fibers.  The  unmyelinated  fibers  (F)  contain  the  usual  components  including 
mitochondria, smooth surfaced vesicles and neurofibrillae.  ~(  16,000. 
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problem  without  answer  for  the  moment.  Some 
vesicles appear  isolated in the cytoplasmic matrix 
in  an  examination  of  serial  sections  of  oxyntic 
cells.  Unfavorable local conditions for rapid  fixa- 
tion of the tissue could account for the disintegra- 
tion  of  the  reticular  system.  At  any  rate,  under 
basal  conditions  when  little  if  any  hydrochloric 
acid  is  being  produced,  it  is  established  that  the 
vesicular  and  tubular  elements  comprise  a  ran- 
domly oriented  and  tightly packed  system in  the 
cytoplasmic  matrix  of  the  oxyntic  cell.  More- 
over,  the  smooth  surfaced  vesicular  elements  es- 
tablish  contact  with  both  the  free  surface  facing 
the  lumen  of the  gastric  gland  and  the  nutritive 
surface  of  the  cell. 
The  parietal cell in mammalian  species studied 
with  electron  microscopic  techniques  characteris- 
tically  shows  the  presence  of  intracellular  cana- 
liculi  lined  with  microvilli  (26,  27, 4, 28,  30,  12, 
13,  16,  32,  31).  Intercellular  canaliculi  between 
adjacent  parietal  ceils  have  not  been  reported 
for  this  group.  The  oxyntic  cell  of  the  bullfrog, 
on  the  other  hand,  possesses  no  intracellular 
canaliculi  lined  with  finger-like  cytoplasmic  pro- 
jections  that  penetrate  deeply  within  the  cyto- 
plasm of the cell.  Instead,  the amphibian  oxyntic 
cell  demonstrates  an  elaborately  plicated  cell 
membrane  at  the  free  surface  of  the  cell  facing 
the lumen of the gastric gland as well as a  similar 
structural  arrangement  facing  the  lumina  of 
intercellular  canaliculi  between  adjacent  oxyntic 
cells.  These  intercellular  canaliculi  could  easily 
be taken for intracellular canaliculi in light micro- 
scopic  preparations  where  cell  membranes  are 
not readily visible. In fact, statements  exist in the 
literature  that  the  frog  oxyntic  cell  possesses 
intracellular  canaliculi  (3).  Although  these  struc- 
tural  devices  are  dissimilar  morphologically  in 
mammals  and  amphibia,  they  both  fulfill  the 
same  function:  to  increase  greatly  the  surface 
area  of each  oxyntic  or  parietal  cell. 
It  is  interesting  that  the  oxyntic  ceils  of  the 
gastric  glands  of  the  frog  contain  within  their 
cytoplasms  zymogen  granules  similar in structure 
to  those  of  the  peptic  cells  in  the  esophageal 
glands.  The  pepsin secretion of esophageal  glands 
in  the  frog  is  well  recognized  by  physiologists 
(15,  9).  Cmnparison  of the  two  cell  types  shows 
that  the  zymogen  granules  of  the  oxyntic  cell 
are  less  numerous  than  those  in  the  zymogenic 
cell of the esophagus,  and often of smaller dirnen- 
sion  (see  Figs.  9  and  10).  It  is  reasonable  to  as- 
sume  that  the  zymogen  granules  associated 
with  the  oxyntic  cells  of  the  gastric  glands  ac- 
count  for  the  pepsin  activity of  the  gastric juice 
in  experiments  designed  to  isolate  the  secretions 
of  the  stomach  and  esophagus  (9).  Apparently 
then, there has not been a complete differentiation 
of the  oxyntic cell of the  frog  into  a  "pure"  cell 
type  capable  of a  main  function  as  in  the  mam- 
malian species.  All investigators are not in agree- 
ment  concerning  the  existence  of zymogen  gran- 
ules within  the oxyntic cells of the frog.  Recently 
Norris  (19)  employing a  number  of staining  tech- 
niques  and  light  microscopy  concluded  that  the 
zymogen  granules  identified  by  previous  investi- 
gators  (15,  9)  in  the  oxyntic  cells  of  the  fundic 
stomach  were  non-specific-staining  mitochondria. 
Although  many  profiles  of  zymogen  granules 
seen  in  the  electron  micrographs  are  of  similar 
dimensions  to  mitochondrial  profiles,  a  striking 
dissimilarity  of fine  structure  between  the  two  is 
obvious. 
The  mitochondria  observed  in  the  oxyntic 
cell of the bullfrog resemble structurally the mito- 
chondria  described  in  the  mammalian  parietal 
cell  (26,  27, 4,  30,  12,  13,  16,  32,  31).  The  mito- 
chondrial profiles are numerous  within individual 
oxyntic  cells  and  demonstrate  strikingly  a  large 
proportion  of  closely  approximated  cristae  im- 
bedded  in  a  dense  mitochondrial  matrix;  some 
of  these  cristae  are  observed  to  branch.  It  is 
clear in the micrographs  that  the cristae originate 
from the  inner  of the two  limiting membranes  of 
the  mitochondrion.  Correlated  biochemical  and 
electron  microscopic  data  have  established  that 
the  oxidative  enzymes  are  associated  with  the 
membranes  of  cristae  (11).  Davies  (8)  has  sug- 
gested  that  the  respiration  of  the  stimulated 
oxyntic cell is enormous and "amongst the highest 
of  any  cell  in  the  body."  Although  there  exists 
some  controversy  in  the  literature  concerning 
whether  the  ratio  of  hydrochloric  acid  secreted 
to  oxygen  consumed  can  be  more  than  4  (8)  for 
the  oxyntic  cell,  the  high  proportion  of  cristae 
per  mitochondrion  gives  some  morphological 
support  to the possibility. 
The substance of this article was presented  April 12, 
1960,  at the meeting of the American Association of 
Anatomists held in New York City (29). 
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